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1. $p$-uniform smoothness &q-uniform convexity
1. (i) Banach $X$ , $K\geq 1$ $\rho_{X}(\tau)\leq K\tau^{p}(\forall\tau\geq 0)$
.’ $p$-uniformly smooth $(1 \leq p\leq 2)$ , $\rho_{X}(\tau)$
$X$ modulus of smoothn$ess$ ,
$\rho_{X}(\tau)=\sup\{\frac{||x+\tau y||+||x-\tau y||}{2}-1$ : $||x||=||y||=1\}$
.
(ii) Banach $X$ , $C>0$ $\delta_{X(}’\epsilon$ ) $\geq C\epsilon^{q}$ $(\forall\epsilon>0)$
., $q$-uniformly convex $(2\leq q<\infty)$ $\mathrm{t}$ . $\delta_{X}(\epsilon)$ { $X$
modulus of convexity,




$p$-uniformly smooth $q$-uniformly convex
.
1(Takahashi, Hashimoto and Kato[13])
(i) $X$ $p$-uniformly smooth $(1 <p\leq 2)$ $1\leq$
$\forall r<\infty\exists K>0\mathrm{s}.\mathrm{t}$ .
$( \frac{||x+y||^{r}+||x-y||^{r}}{2})^{1/r}\leq(||x||^{p}+||Ky||^{p}.)^{1/p}$ $\forall x,$ $y\in X$ (1)
.
(ii) $X$ $q$-uniformly convex $(2\leq q<\infty)$ 1
$\forall r\leq\infty\exists C>0\mathrm{s}.\mathrm{t}$ .
$( \frac{||x+y||^{r}+||x-y||^{r}}{2})^{1/r}\geq(||x||^{q}+||Cy||^{q})^{1/p}$ $\forall x,$ $y\in X$ (2)
.
(1), (2) $K,$ $C$ $1\leq K<\infty,$ $0<C\leq 1$ . (1) $K$
, (2) $C$ , $US_{p(r)}(X),$ $UC_{q(r)}(X)$
2. Carkson
2. $X$ Banach , $1<p\leq 2,1/p+1/q=1$ . (i),
(ii) { .
(i) $X$ $p$-uniformly smooth .





$t\leq 1/2$ , $t\geq 1/2$ $t=1/2$
. (3) $t$ $0\leq t\leq 1,$ $t\neq 1/2$ .
$f(t)$ $x,$ $y$ $t:(1-t)$ (1-t): $t$ i $u,$ $v$









3. $X$ Banch , $1<p\leq 2,1/p+1/q=1$ . (i),
(ii) { .
(i) $X$ $q$-uniformly convex .







. (5) $s$ $s\leq 0,$ $s\geq 1$ .
(5) $x,$ $y$ $|s|$ : $|1-s|$ $|1-s|$ : $|s|$





4( ). $X$ Banach , $X^{*}$ . $1<p\leq$







Hanner [6] $L_{p}$ modulus of convexity
$||x+y||_{p}^{p}+||x-y||_{p}^{p}\geq|||x||_{p}+||y||_{p}|^{p}+|||x||_{p}-||y||_{p}|^{p}$ $(1<p\leq 2)$
$||x+y||_{p}^{p}+||x-y||_{p}^{p}\leq|||x||_{p}+||y||_{p}|p +|||x||_{p}-||y||_{p}|^{p}$ $(2\leq p<\infty)$
. Hanner 2-unif0rmly
smooth 2-uniformly convex .
5([15]). Banach $X$ 2-uniformly smooth
, $1<s,$ $t<\infty$ $1\leq\gamma<\infty$
$( \frac{||x+y||^{s}+||x-y||^{s}}{2})^{1/s}\leq(\frac{|||x||+||\gamma y|||t +|||x||-||\gamma y|||^{t}}{2})1/t$ $\forall x,$ $y\in X$
(7)
.
6([15]). Banach $X$ 2-uniformly convex
$1<s,$ $t<\infty$ $0<\gamma\leq 1$




Weight Hanner $p$-uniformly smooth
$q$-unifrmly convex .
7. $1<p\leq 2$ $p\leq s<\infty$ . Banach $X$
$p$-uniformly smooth $\gamma>0$
$(||x+y||^{p}+||\gamma(x-y)||^{p})^{1/p}\geq(|||x||+||y|||^{s}+|||x||-||y|||^{s})^{1/s}$ $\forall x.y’\in X(9)$
.
8. $2\leq q<\infty$ $1\leq t\leq 2$ . Banach $X$
$q$-uniformly convex $\gamma>0$
$(||x+y||^{q}+||\gamma(x-y)||^{q})^{1/q}\leq(|||x||+||y|||t +|||x||-||y|||^{t})^{1/t}$ $\forall x,$ $y\in X(10)$
.
3. (9) $s<p$ , $\mathbb{R}$ . (10)
$2<t\leq q$ , $t>q$ $\mathbb{R}$ .
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